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Supplemental Text
Kinetics of formation of a nucleating complex There are two possible routes for forming a nucleating complex of Arp2/3 and an actin monomer in the presence of nucleation promoting factors (NPF) [1, 2] : binding of Arp2/3 to a monomer bound to NPF and binding of a monomer to an Arp2/3 bound to NPF ( Figure S3 ). Accordingly, the total rate of forming a nucleating complex is
where G′′ and A′′ are the concentrations of the complexes NPF-monomer and NPFArp2/3, respectively; G′ and A′ are the concentrations of monomers and Arp2/3 that are not bound to NPF; and k 1 and k 2 are the corresponding binding rate constants. Because the reactions between NPF and Arp2/3 and between NPF and actin monomers are fast [1, 2] , one can assume near-equilibrium conditions,
to express G′′, A′′, G′, and A′ in terms of the total instant concentrations of actin monomers and Arp2/3, G and A, respectively:
In Eqs (S2) and (S3), K 1 and K 2 are the equilibrium constants, V 0 is the total NPF concentration, and V is the concentration of unbound NPF. Substituting Eq (S3) into Eq (S1) yields ,
It follows from Eq (S4) that the exact kinetics (Eq (S1)) can be approximated by the equation with an effective rate constant k on if V is not very sensitive to variations of G and A. Since V is governed by the equation,
which follows from the last of Eqs (S2) with the account of Eqs (S3), it is clear that this approximation is exact in the limit of low-affinity binding (
Realistic values (V 0 ~1 μM, G 0 =2-5 μM, A 0 = 10-100 nM (Tables 1 and 2 of the main text), K 1 , K 2 ~ 10-100 nM [2] ) fall into the intermediate range:
, for which the approximation remains reasonably accurate as illustrated in Figure S4 .
Dendritic nucleation with rate limiting steps: Analytical considerations
We first derive an exact solution for the nucleation limited by formation of the ternary complex (step 1, Figure 1 of the main text). Because the binding and activation steps are assumed to be fast, C and C bound remain small and at near-equilibrium during the process (see Eqs (1) of the main text). Therefore, the dynamics of the barbed ends are determined by J complex_on :
. Simple estimates show that the final concentration of barbed ends is much smaller than A 0 . Indeed, let τ denote the time within which the monomers are exhausted; then E ∞ ~ k on G 0 A 0 τ and the final concentration of Factin F ∞ , which is ≈ G 0 , can also be estimated as
In the experiment with A 0 =100 nM and
μM/s and E ∞~0 .1 nM<< A 0 . Thus, in the nucleation process limited by step 1, the loss of monomers and Arp2/3 the can be ignored and the equations reduce to:
are the frequencies of polymerization and nucleation events, respectively. Eqs (S5) can be solved exactly:
Omitting F 0 and small terms on the order of E 0 / E ∞ or higher reduces Eq (S6) to the one used in the main text,
, in agreement with the estimates.
If the nucleation rate is limited by the binding of the nucleating complex to a filament (step 2), the activation rate is virtually balanced by the rate of binding in the equation for C bound which stays close to zero (see Eqs (1) of the main text and inset in Figure 2a) ; thus, .
Step 1 is also fast, and the on-and off-rates are almost at equilibrium, therefore
where the dissociation constant (the derivation follows the way of obtaining Eqs (S3) from Eqs (S2)). The problem can on off / k k K = be solved exactly for the low-affinity binding in step 1. In this case,
≈ and the nucleation time can be defined as , so that the equations take the form,
where (G 0 -G) replaces F and τ p is defined as before.
The exact solution of Eqs (S8) is:
where
Based on the experimental data [2] ,
-2 s, τ ≈2x10 2 s, then τ n ~10 6 s and for E 0 in the 10-picomolar range,
. Eq (S9) then simplifies to the one used in the main text, Finally, we describe an approximate analytical solution for actin polymerization in the absence of NPF, assuming two slow steps in the pathway: formation of the nucleating complex (step 1) and binding of the complex to a filament (step 2). Since step 3 is assumed to be fast, the equation for E in this case is
. Also, the Arp2/3 concentration remains virtually constant and for large A 0 , the initial dynamics of C is governed by J complex_on . Thus, Eqs (1) of the main text reduce to
Eqs (S11) can be solved by successive approximations: to determine the autocatalytic kinetics of actin polymerization, we integrate the rates in the right-hand sides of Eqs (S11) that correspond to the initial dynamics of C and E 0 . A formally exact solution of the first of Eqs (S11) is
where is governed by the equation,
that follows from the last of Eqs (S11) with the account of the initial dynamics of H and C:
, . Integrating twice and substituting back into Eq (S12) yield, in the leading order of time, the equations that were used in the main text:
, where . Figure S1 . Log-log plots of times t(F) required to polymerize a certain amount of F-actin vs. Arp2/3 concentrations, for the data of Beltzner & Pollard (Table  2A) . Scaling exponents, which are given by the slopes of solid lines, vary with F and are smaller than α=0.5 (dashed line) predicted on the assumption that nucleation Figure S2 . Log-log plots of times t(F) required to polymerize a certain amount of F-actin vs. concentration of Arp2/3, for the data of Mullins et al. (Table 2B) . Scaling exponents, which are given by the slopes of solid lines, are close to α=0.25 (dashed line) predicted on the assumption that nucleation is limited by two slow steps: formation of the nucleating complex (step 1) and its binding to a filament (step2). The full model, implemented in VCell (www.vcell.org, shared mathmodels/ pavelkr/ NPF_ARP2/3_Actin), reflects the detailed pathway of complex formation ( Figure S3 , Eq (S1)) and is described by the equations: ,
In the first two equations, is then replaced with ( , where F, defined in Eq (S10), mimics the experimental time dependence of F-actin. The approximate kinetics is given by 
